INTRODUCTION
In addition to exogenous factors, free radicals and reactive oxygen species (ROS) are produced during normal oxidative metabolism. Free radicals and ROS attack lipids, carbohydrates, proteins, and DNA and induce their oxidation, which may result in oxidative damages, such as membrane dysfunction, protein modification, enzymatic inactivation, and breakage of DNA strands, as well as modification of their bases. Such extensive oxidative damages to the biomolecules by the free radicals and ROS may play a causative role in a variety of diseases, including heart disease, cancer, and other age-related diseases. [1] Therefore, the roles of antioxidants, which suppress the oxidative damages, have received increased attention. The antioxidant hypothesis says that "as antioxidants can prevent oxidative damages their increased intakes from the diet may reduce the risks of chronic diseases." [2] Synthetic and natural food antioxidants are used routinely in many foods, especially those containing oils and fats. Phenolic antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl gallate, and tertiary butylhydroquinone, are effective chain-breaking antioxidants and are commercially used as food antioxidants. However, the commonly used antioxidants, BHA and BHT, are restricted by legislative rules because of their toxic and carcinogenic effects. [3] The growing interest in the substitution of synthetic food antioxidants by natural ones has fostered research on plant sources and the screening of raw materials for identifying new antioxidants. In this regard, polyphenols are being increasingly reported to exhibit quality-preserving and antioxidant effects on foods. [4] Recently, various plants showed the antioxidant activity, which was attributed to their phenolic content. [5, 6] Bark extracts of different plants have been reported to possess marked antioxidant activity, [7] [8] [9] as assayed through in vitro models. In vivo studies of the bark extractives also showed the antioxidant, anti-inflammatory, wound healing, and antiulcerogenic properties. [10] [11] [12] [13] Dillenia is a small genus of trees found in Indo-Malaysian region extending to Tropical Australia. D. indica occurs in the moist and evergreen forests of sub-Himalayan tract, from Kumaon and Garhwal eastwards to Assam, West Bengal, and Orissa. It is an evergreen tree, 30-50 ft in height, which bears large and hard fruit of 3-5 in in diameter, consisting of five closely fitted imbricate sepals enclosing numerous seeds embedded in a gelatinous pulp. The tree flowers during May through August and the fruits ripen during September through February. The ripe fruits, which are sour in taste, are widely used in flavoring of curries and preparation of jam and jelly. The acidic juice is sweetened with sugar and used as a cooling drink. [14] The fruits are rich in nutrients and are processed to commercial products such as ready-to-serve beverage and squash. [15] Recently, Abdille et al. [16] have reported the antioxidant activity of the extractives from the fruits of D. indica. Cursory survey showed that there is no report revealing the antioxidant activity of the extract from the bark of D. indica.
The aim of our study was to explore the total phenoilic content of the bark extract from D. indica and its antioxidant activity through in vitro methods. 
MATERIALS AND METHODS

Materials
Extraction
The barks were dried under the sun and powdered in a mixer grinder. One hundred g of bark powder was immersed in 500 ml of 70% aqueous acetone for 72 h at room temperature (25 ± 2
• C). The extract was filtered through Whatman No. 41 filter paper (Whatman International Ltd., Maidstone, England) to obtain particle free extract. The residue was re-extracted twice and filtered. The filtrates were pooled and concentrated and dried under a vacuum at 45
• C and the dried extract was used for the present study.
Determination of Total Phenolics
The total phenolic content of the extract from the bark of D. indica was determined by the method of Singleton and Rossi. [17] The extract was dissolved (1 mg/ml) in a mixture of methanol and water (6:4 v/v). Samples (0.1 ml) were taken in test tubes and made up to the volume of 10 ml with distilled water. Subsequently, 0.5 ml of Folin-Ciocalteu reagent (1:1 with water) and 0.1 ml of sodium carbonate solution (7.5%) were added to each tube and mixed well by a vortex mixer. After standing for 30 mins at room temperature, the absorbance was measured at 765 nm against the reagent blank using the spectrophotometer. The amount of total phenolic content was calculated as tannic acid equivalents from the standard curve. The estimation of phenolic content in the extract was carried out in triplicate and the results were averaged.
Total Antioxidant Capacity
The total antioxidant capacity of extract of barks of D. indica was evaluated by the method of Prieto et al. [18] The sample extract solution (0.55 mg/ml) was prepared in a mixture of methanol and water (6:4 v/v). An aliquot of 0.1 ml of sample extract solution was combined with 1 ml of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate). The tubes were capped and incubated in a boiling water bath at 95
• C for 90 mins. After the samples were cooled to room temperature, the absorbance was measured at 695 nm against reagent blank in a spectrophotometer. The antioxidant capacity of the extract was expressed as equivalents of ascorbic acid (mmole/g of extract). The determination of total antioxidant capacity of the extract was carried out in triplicate and the results were averaged.
Radical Scavenging Activity
Radical scavenging activity of the extract was determined essentially by the method of Blois. [19] Different concentrations (2.5, 5.0, 10, and 25 ppm) of D. indica bark extract and BHA (2.5, 5.0, 10, and 25 ppm) were taken in different test tubes. The volume was adjusted to 100 μl by adding methanol. Five ml of 0.1 mM methanolic solution of DPPH was added to these tubes and well shaken. The tubes were allowed to stand at room temperature (25 ± 2
• C) for 20 mins. A control tube was prepared, as above, without extract. The changes in the absorbance of the samples were measured at 517 nm against methanol blank. Radical scavenging activity was expressed as the inhibition percentage and was calculated using the following formula:
% Radical scavenging activity = [(Control OD − sample OD)/Control OD] × 100 (1) All the estimations were performed in triplicates and averaged.
Hydroxyl Radical Scavenging (
• OH) Activity
The hydroxyl radical scavenging activity of the extract from the barks of D. indica was determined by the method of Halliwell et al. [20] The reaction mixture (3.5 ml) containing extract (0.35-1.75 mg), deoxyribose (6 mM), H 2 O 2 (3 mM), KH 2 PO 4 -K 2 HPO 4 buffer (0.022 M, pH 7.4), FeCl 3 (400 μM), ethylenediaminetetraacetic acid (EDTA; 400 μM), and ascorbic acid (400 μM) was incubated at 37
• C for 1 h. In this method, the extent of deoxyribose degradation was tested by the thiobarbituric acid (TBA) method. One ml of 1% TBA and 1 ml of 2.8% trichloroacetic acid were added to the mixture, which was then heated in a water bath at 90
• C for 20 min. The absorbance of the mixture was read in the Spectronic 20 visible spectrophotometer (Spectronic Instruments Inc., NY, USA) at 532 nm.
% of inhibition of deoxyribose damage
All the analyses were done in triplicates and averaged.
Determination of the Superoxide Anion (O 2 •− ) Radical Scavenging Activity
Measurement of the superoxide anion scavenging activity of the extract from the barks of D. indica was determined by the method of Nishimiki et al. [21] An aliquot of 1 ml of each of the following solutions prepared in 0.066 M phosphate buffer of pH 7.4: 150 μM NBT, 60 μM PMS, and 468 μM NADH were added, respectively, to 1 ml of extract, which contained 20-50 μg bark extract. Gallic acid was used as standard superoxide anion scavenger in the concentration range of 20-50 μg. The reaction mixture was kept at room temperature for 10 min and the absorbance was read at 560 nm. The decrease in the absorbance of reaction mixture indicated the superoxide anion scavenging activity. The scavenging activity of superoxide anion (SASA) radicals was expressed as follows:
RESULTS AND DISCUSSION
The phenolics are the dominant antioxidants found in the plant sources. Several reports have conclusively shown the correlation between total phenolic content and antioxidant activity. [16, [22] [23] [24] The yield of the extract from the barks of D. indica was 16.18% with aqueous acetone as the solvent. The total phenolic content of the extract was found to be 54.17% as tannic acid equivalents.
The antioxidant capacity of the extracts was measured spectrophotometrically by the phosphomolybdenum method, which is based on the reduction of Mo (IV) to Mo (V) by the sample analyte (D. indica bark extract) and the subsequent formation of green phosphate/Mo (V) compounds with a maximum absorption at 695 nm. Reducing species, such as α-tocopherol, ascorbic acid, glutathione, and BHT, were found to possess the ability of reduction of Mo (IV) to Mo (V). [18] In the present study, the extract from the bark of D. indica exhibited marked reducing ability. At 50 ppm concentration, the antioxidant capacity of the extract was found to be 3.12 ± 0.055 mmoles/g as ascorbic acid equivalents. Several studies have shown that evaluation of reducing ability is an important parameter to ascertain the antioxidant activity. The reducing properties are generally associated with the presence of reductones and the antioxidant action of reductones is based on the breaking of free radical chain by donating a hydrogen atom. [25, 26] It seems that the extract from the bark of D. indica acted as a reductone by donating a hydrogen atom to Mo (IV) and reduced to Mo (V).
The free radical scavenging activity of the bark extract of D. indica was tested through the DPPH method and the results are presented in the (Fig. 1) . The free radical scavenging activity of the extract and BHA was found to increase with the increase in the concentration. At 25 ppm concentration, the free radical scavenging activity of the extract and BHA was 90.9% and 91.0%, respectively. Blois [19] has demonstrated that cysteine, glutathione, ascorbic acid, tocopherol, polyhydroxy aromatic compounds (hydroquinone, pyrogallol, etc.), and aromatic amines (p-phenylene diamine, p-aminophenol, etc.) reduce and decolorize α, α-diphenyl-β-picrylhydrazyl by their hydrogen donating ability. The free radical scavenging ability of the extract indicated its hydrogen donating ability. [27] Free radicals are known to cause auto-oxidation of unsaturated lipids in foods. The phenolic antioxidants are believed to intercept the free radical mediated chain of oxidation and donate hydrogen from the phenolic hydroxyl groups, thereby forming a stable end-product, which does not propagate further oxidation of lipid. [28] It appeared that the observed antioxidant activity of the phenolic rich extract from the barks of D. indica may be due to the neutralization of the free radical nature of DPPH
• , either by the transfer of one electron or one hydrogen atom. [29] The hydroxyl radical is the most reactive of the oxygen centered radicals generated in the biological systems and has a very short half-life. This has been implicated as a highly damaging reactive oxygen species in free radical mediated pathology because it is capable of damaging almost all the vital molecules of the living cell. [30] In the present study, the extract from the bark of D. indica inhibited the hydroxyl radical induced deoxyribose damage as measured by the thiobarbituric acid method (Fig. 2) . The degree of inhibitory effect on dexyribose damage by the extract was found to be concentration dependent. In the concentration range of 100-500 ppm, the extract showed 53.9%-74.66% inhibition of oxidative damage of deoxyribose. Hydroxyl radicals generated by the reaction of an iron-EDTA complex with H 2 O 2 in the presence of ascorbic acid, which attack deoxyribose to form oxidized products, which upon heating with thiobarbituric acid at low pH yields a pink chromogen. In the presence of hydroxyl radical scavengers, there is a decrease of the hydroxyl radical produced and resulted in diminishing the chromogen formation. [20] Consequently, the ability to diminish the amount of color formation has been adapted as the measurement of antioxidative properties. [31] In our present study, the extract from the barks of D. indica showed antioxidant activity by scavenging hydroxyl radicals as indicated by inhibiting the chromogen formation.
Superoxide anions are the most common ROS formed by enzymatic process in almost all aerobic cells. They can produce direct, as well as indirect, toxic effects by producing other ROS. [32] In the PMS/NADH-NBT system, superoxide anion derived from dissolved oxygen by PMS/NADH coupling reaction reduces NBT. The decrease of absorbance at 560 nm with antioxidants indicates the consumption of superoxide anion in the reaction mixture. Addition of various concentrations of the extract, as well as gallic acid, in the above coupling reaction showed decrease in the absorbance. The superoxide anion scavenging activity of the bark extract of D. indica was compared with the gallic acid in the concentration range of 20-50 μg (Fig. 3) . The superoxide scavenging activity of extract and gallic acid was concentration dependent. At the concentration of 50 μg, the superoxide anion scavenging activity of the extract and gallic acid was 31.73% and 47.73%, respectively. 
CONCLUSION
The aqueous acetone extract of the barks of D. indica was found to contain appreciable amounts of phenolics. As envisaged through various in vitro methods, the antioxidant activity of the D. indica bark extract might be attributed to the strong hydrogen-donating ability of the phenolic constituents in the bark. There could be a possible use of this bark extract as a source of natural antioxidant. Further studies are warranted on the isolation and characterization of individual phenolic compounds to understand their mechanisms and possible synergism among the compounds.
